Expanded, young leaf blades of Begonia Tuberhybrida Group 'Clips Yellow' were cut into four pieces radially from the junction with the petiole; each piece was inserted in various media in nursery trays. The surviving percentage of the leaf pieces, grown in rockwool beds, was higher than in other media; about half of them formed adventitious buds. When the leaf piece was cut into the proximal and distal halves, several adventitious buds were formed on the former, but only a few on the latter. Many leaf pieces, inserted in April, May, and October formed adventitious buds, but only a few leaf pieces inserted in July, did. The optimum temperature for adventitious bud formation was around 15-20°C. The results suggest that the adventitious bud formation is affected by temperature rather than day length.
Introduction
Begonia Tuberhybrida Group plants that belong to the Begoniaceae family have large, flattish perennial tubers depressed at their tops. Their ancestors are seven tuberous species that inhabit the Andes of South America. Their various plant forms, flower sizes and colors make them one of the most popular pot flower crops.
B. Tuberhybrida Group plants are propagated mainly by seeding, because vegetative propagation with cuttings is difficult. However, seedlings generally exhibit a wide range of variations because of their high levels of heterozygosity and their limited pollination period. Therefore, the establishment of a vegetative propagation method of clones with excellent horticultural characteristics is in demand. Most of the research on vegetative propagation of B. Tuberhybrida Group has been on in vitro propagation. Although Iida et al. (1986) , Peck and Cumming (1984) , Viseur and Lievens (1987) , and Nakano et al. (1999) developed systems for in vitro propagation of B. Tuberhybrida Group, the systems are not practical because of the presence of endogenous bacteria in tissue.
Rhizomatous begonia plants, including Rex-cultorum Group, and Begonia × cheimantha plants, form adventitious buds and roots on leaf cuttings (Hartman et al., 1997; Heide, 1964 Heide, , 1965 . However, there are no studies on propagation with leaf cuttings of B. Tuberhybrida Group. An adequate technique of vegetative propagation of B. Tuberhybrida Group would be useful for commercial production. In addition, it may allow largescale propagation from a single plant and avoid variations because of genetic heterogeneity. Therefore, we examined the conditions suitable for adventitious bud formation on leaf pieces cuttings of B. Tuberhybrida Group.
Materials and Methods
Leaf pieces cuttings of B. Tuberhybrida Group 'Crips Yellow' were made in April, May, July, and October, 1998. Leaf pieces for cuttings were obtained from stock plants cultured by seeding in late November 1997. Expanded young leaves were detached from the stock plants and placed in water for 1-2 h before being cut radially into four pieces from the base (Fig. 1, below) in nursery trays (34.5 × 27.0 × 7.0 cm). They were covered with polyethylene film during the first week to ensure adequate humidity to prevent dehydration. The polyethylene film was then removed. Each treatment with 10 leaf pieces was replicated three times. After 9-10 weeks of cutting, leaf pieces were washed free of the medium and the numbers of survivors, adventitious buds, roots, and calli, formed at the bases were counted. The leaf pieces, which formed adventitious buds, produced one shoot (rarely two) about 5-mm height and the axillary buds at the base of the shoot or more than one tiny bud which was difficult to count. Hence, we recorded only the percentage of leaf pieces that formed adventitious buds. All stock plants, as leaf sources and leaf pieces inserted in various media in nursery trays, (except Exp. 4) were grown in a plastic house maintained at a minimum 15°C in the winter season. They were grown in 60% natural light by shading from early May to late October. The annual fluctuation of the air temperature in a plastic house during the experiments was recorded (Fig. 2 ).
Formation of adventitious buds on leaf pieces
inserted in various propagation media (Expt. 1) The type A leaf pieces ( Fig. 1 ) that were obtained from stock plants age in 9 or 10 expanded leaves were inserted in perlite, Kanuma soil, vermiculite, rock fiber (granular wool 42R, Nittobo Ltd., Japan) or rockwool beds (32 × 24 × 5 cm, Nittobo Ltd., Japan), in nursery trays on 20 May. After 10 weeks in a plastic house, they were dug and examined for the presence or absence of adventitious buds.
Formation of adventitious buds on different types of leaf pieces (Expt.
2) The leaf pieces were obtained from stock plants age in 9 expanded leaves. In this experiment, three types of leaf pieces were made: type A, the proximal half of the type A piece (B) and distal half of the type A piece (C) (Fig. 1 ). These were inserted in rockwool beds in a plastic house on 19 May. The formation of adventitious buds was examined after 10 weeks.
3. Seasonal change in adventitious bud formation (Expt. 3) Leaf pieces of type A were inserted in rockwool beds in a plastic house on 8 April, 20 May, 29 July and 13 October. The stock plant age in expanded leaf number sampled on the respective dates was 7, 9, 11, and 15. They were examined for the formation of adventitious buds 9 weeks after cutting.
Effect of temperature on adventitious bud formation
(Expt. 4) The leaf pieces were obtained from stock plants age in 10 expanded leaves. Type A leaf pieces were inserted in rockwool beds on 4 June and kept at 15, 20, 25, or 30°C under plant environmental control system with natural light (NK system LP-300D, Nippon medical & chemical instruments Co. Ltd., Japan). After 9 weeks, the leaf pieces were dug and examined for adventitious buds.
Results

Formation of adventitious buds on leaf pieces
inserted in various propagation media (Expt. 1) The majority of type A leaf pieces that were inserted in perlite and Kanuma soil died; only 7% formed adventitious buds, whereas 77% of those inserted in rockwool beds survived, while 50% formed adventitious buds (Table 1) . Rock fiber 53a 10a 23a 20a
Rockwool beds 77b 7a 20a 50b
Leaf pieces (n = 10) were inserted in various mediums on 20 May. Three replicates were used for each treatment.
Mean separation within a colomn followed by Tukey's multiple range test, P = 0.05.
2. Formation of adventitious buds on different types of leaf pieces (Expt. 2) Eighty percentage of type A and type B leaf pieces survived, whereas only 63% of type C did (Table 2) . However, the survival rates were insignificant. The percentage of adventitious bud formation was about 60% on type A and type B leaf pieces, but only 7% on type C leaf pieces (Fig. 3) . In the type C leaf pieces, 30 and 26% of the leaf pieces produced roots and only calli, respectively (Table 2) .
3. Seasonal change in adventitious bud formation (Expt. 3) Of the type A leaf pieces inserted in July, 40% survived, and only 13% formed adventitious buds. The percentages of adventitious bud formation were 67, 60, and 50% in April, October, and May, respectively (Table 3) .
Effect of temperature on adventitious bud formation
(Expt. 4) The survival percentage of type A leaf pieces was 97% at 15°C and 20°C, but only 23% at 30°C (Table  4 ). The percentages of adventitious bud formed were 50, 43, and 27% at 15, 20, and 25°C, respectively.
Discussion
Generally, a good propagation medium requires adequate aeration, drainage, and moisture. All media, Leaf pieces (n = 10) were inserted in rockwool beds on 19 May. Three replicates were used for each treatment. Mean separation within a colomn followed by Tukey's multiple range test, P = 0.05. z Type of leaf piece shown in Fig. 1 . Fig. 3 . Adventitous bud formation at the base of type B leaf pieces. Leaf pieces (n = 10) were inserted in rockwool beds on various date. Three replicates were used for each treatment. Mean separation within a colomn followed by Tukey's multiple range test, P = 0.05. Leaf pieces (n = 10) were inserted in rockwool beds on 4 June. Three replicates were used for each treatment.
used in this study, have most of these characteristics. In Expt. 1, however, 40-60% of the leaf pieces inserted in perlite, Kanuma soil, vermiculite or rock fiber survived, whereas 77% of those inserted in rockwool beds survived. In addition, the percentage of adventitious bud formation was higher in rockwool beds than in other media. It is known that rockwool mats are useful as a cutting medium for Stephanotis floribunda (Kano et al., 1992) . Hence, we believe that better air permeability and drainage of rockwool beds is best suited for this system of propagating B. Tuberhybrida Group. In Expt. 2, the percentage of the adventitious bud formation was higher on the proximal halves of the leaf pieces than on the distal parts. The level of plant growth substances and nutrients might be better for bud formation in the proximal than in the distal part. Generally, a high ratio of auxins to cytokinins is known to promote rooting and suppress bud formation and that a low ratio has the opposite effect (Heide, 1965; Hartman et al., 1997) . Further work is in progress to confirm this relationship between plant growth regulators and adventitious bud formation in different portions of leaves, along with histological observations of the leaf tissue in B. Tuberhybrida Group.
In Expt. 3, the percentage of adventitious bud formation varied with the season, 67% of those inserted in April formed adventitious buds, whereas 60, 50, and 13% initiated buds in those inserted in October, May, and July, respectively (Table 3 ). In B. Tuberhybrida Group, plant growth is enhanced by long day, whereas dormancy and tuber formation are induced by short day (Djurhuus, 1985; Fonteno and Larson, 1982; Heide and Walter, 1985) . In this experiment, the mean hours of sunshine during 9 weeks from 8 April and 23 October were 13 h 37 min and 10 h 23 min, respectively. Nevertheless, the leaf pieces inserted in April and October, formed adventitious buds at a similar rate, which indicates that the formation of the adventitious buds is unaffected by day length. But, if observed continually, the development of shoots might be enhanced under long day whereas dormancy and tuber formation under short day. Studies are being carried out to investigate the effect of photoperiod on adventitious shoot development. It is known that B. × hiemalis are obligatory short-day plants (Heide and Walter, 1985) , but Powell and Buant (1980) reported that adventitious bud formation in leaf cuttings of B. × hiemalis was unaffected by day length, but, the development (emergence) of shoots might be accelerated if cuttings are exposed to long day after bud formation.
The average temperatures at the time of a cutting in April, May, July, and October were 19.6, 21.6, 27.0, and 19.5°C, respectively (Fig. 2) ; the average temperatures in April and October when the adventitious bud formation rate was high, were lower than those in May and July. The effect of temperature on adventitious bud formation examined in Expt. 4 revealed that more were initiated at 15°C than at 25°C and 30°C. The effect at 10°C was not examined, but B. Tuberhybrida Group is known to grow poorly at 12°C (Djurhuus, 1985) . Therefore, it is likely that the optimum temperature for adventitious bud formation is around 15-20°C, which indicates that temperature rather than day length during the cutting period is more influential on the formation of adventitious buds.
In general, the formation and growth of roots were retarded under the conditions favorable for bud formation, and the optimum temperature for adventitious bud formation in B. × cheimantha ranged from 15 to 18°C, and that the optimum for root formation ranged between 24 and 27°C (Heide, 1964 (Heide, , 1965 . Similar results were obtained in this experiment with B. Tuberhybrida Group leaf pieces. The rate of root formation was rather low at 15°C, but favorable for the adventitious bud formation in Expt. 4. Heide (1967) suggested that a low temperature increased the budding ability and reduced the rooting ability of B. × cheimantha through a lowering of the endogenous auxins to cytokinin ratio in the leaves. The same seems to be the case in B. Tuberhybrida Group. Application of cytokinins to leaf pieces may promote the formation of adventitious buds. It may be worthwhile to study the effects of plant growth regulators on organ formation in B. Tuberhybrida Group.
In conclusion, the vegetative propagation of Begonia Tuberhybrida Group which was considered almost impossible until now is found to be possible by leaf pieces cutting at 15-20°C by using rockwool as the bedding medium.
